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Response of Pineapples to the Application 
of Fertilizers 


G. Samuels, P. Landrau Jr., and R. Olivencia' 
INTRODUCTION 

The use of commercial fertilizers on pineapple plants is an accepted prac- 
tice of the pineapple growers of Puerto Rico. The exact fertilizer elements 
and the quantities needed have not been clearly defined. The fertilizer 
formulas used and the rates of application vary widely. In the fiscal year 
1949-50, 4,075 tons of mixed commercial fertilizer were sold for application 
to soils used for growing pineapples in Puerto Rico. The formulas used range 
from a 6-8-8 to a 14-6-10 (8)? In the fiscal year 1950-51, 2,966 acres of 
pineapples were harvested with a cash value of $1,290,000 for the crop (5). 

The fertilizer is supplied to pineapples in commercial production in from 
four to six applications per crop, using hand labor with placement at the 
base of the plant to leave a good portion in the axils of the leaves. The 
average application per plant is about 1 ounce of mixed commercial fer- 
tilizer which, on a basis of 12,000 plants per acre, amounts to 750 pounds 
of fertilizer per acre per application. Yet, despite such high fertilizer appli- 
cations, yields have not increased proportionately. The average yield per 
acre in 1950-51 was 9.4 tons of pineapples (5). Estimates by agronomists 
well versed in pineapple-production techniques indicate (5) that yields 
should approximate 15 tons per acre of pineapples, with proper planting 
material, use of fertilizer, and control of diseases and insects. 

The biological parasitic factors are of great importance in influencing 
pineapple yields in Puerto Rico. Alvarez-Gareia (1) has shown that when 
parasitic factors such as the root-knot nematodes and _ soil-borne insects 
are properly controlled by chemicals, yields can be increased well over 100 
percent, as compared with results from untreated soils and plants. Bird 

1 Agronomist, Assistant Agronomist, and Research Assistant in Plant Breeding, 
respectively, Agricultural Experiment Station, University of Puerto Rico, Rfo 
Piedras, P. R. The authors wish to thank B. G. Capé, Associate Director for Research, 
for his helpful suggestions in designing the experiment, and H. Gandfa-Dfaz, 
Associate Agronomist in charge of the Corozal Substation, and his staff, for help in 
the fieldwork. 

2? Numbers in parentheses refer to Literature Cited, p. 11. 
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and Pérez (2) also have shown that mealybugs and white grubs are respon- 
sible for low yields in pineapple plantings. 

Until work had been carried out on the control of biological parasitic 
factors, it was the general opinion of many pineapple growers and research 
workers that, at least under Puerto Rican conditions, the pineapple plant 
had a poor root system, rooted very slowly, and was a poor feeder, hence 
must be fertilized heavily if good yields were to be obtained. However, 
this concept has since changed. We now realize that heavy nematode in- 
festation and other insect and disease damage may weaken pineapple plants 
so that they no longer give a true picture of their own actual nutrient 
requirements. 

Previous field-fertilizer experiments with pineapple by various research 
workers, (4, 6, 7) were all hampered by these then unknown factors of 
insect and disease damage. Therefore, new fertilizer experiments were 
initiated by the Agronomy and Horticulture Department of the Agricul- 
tural Experiment Station of the University of Puerto Rico in order to 
obtain a true picture of the response of pineapples, free from disease and 
insect injury, to fertilizers. This paper reports results from a plant crop of 
a pineapple-fertilizer experiment at the Corozal Substation. 

PROCEDURE 

The pineapple experiment was planted on a Lares clay at the Corozal 
Substation. This is a medium-friable clay occurring in terrace formations 
and derived from material washed from the lower Tertiary clays and shales. 
The soil pH was 4.8. The field selected was free from nematode infestation, 
as evidenced by inspection of root systems of the pineapple crop just har- 
vested from the field prior to this experiment. The plants were sprayed 
with Resistox (2 pounds in 100 gallons of water) containing DDT; and 
with Aldrex to control mealybugs and ants. The Resistox-Aldrex treatment 
Was sprayed monthly all over the field until July 9, 1952, when 15-percent 
Parathion at the rate of 1 pound in 100 gallons of water, was used to control 
mealybugs. 

The treatments (table 1) included seven fertilizer levels and four fertilizer 
applications. The experimental design was a randomized split-plot one with 
the number of fertilizer applications compared in the main plots and the 
various fertilizer levels compared in the split-plots. There were six replica- 
tions of each split-plot treatment. The treatments were so arranged that 
all plots received fertilizer 1 month after planting; all plots, except these 
labeled ‘tone application’’, received another fertilizer application 4 months 
after planting; all plots, except those marked ‘‘one and two applications,” 
received a third 8 months after planting; only the plots marked ‘four 


fertilizer applications” received fertilizer again 12 months after planting. 
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TaBLe 1.—Fertilizer treatments used in the pineapple experiment, Corozal Substation, 
1953-54 
Fertilizer applied, 
in pounds per acre 
per application of— 


Total amount of fertilizer applied in pounds per acre for the number of 
fertilizer applications indicated—! 


First Second Third Fourth 
N Boe | eo: j————— = = 

N |P2Os5 | KxO N {POs | K2O N POs | KO N P:Os | K:O 

0 28 56 0 | 28 | 56 0 | 56 | 112 0 | 84 168 0 | 112 | 224 
28 28 56 28 | 28 | 56 56 | 56 | 112 84 | 84 | 168 | 112 | 112 | 224 
56 0 56 56 0 | 56 | 112 0 | 112 | 168 0 | 168 | 224 0 | 224 
56 28 0 56 | 28 0} 112 | 56 0 168 84 0 | 224 | 112 0 
56 28 28 56 | 28 | 28 | 112 | 56 56-168 | 84 84 | 224 | 112 | 112 
56 28 56 56 | 28 | 56 | 112 | 56 | 112 | 168 | 84 | 168 | 224 | 112 | 224 
S4 28 56 84 | 28 | 56 | 168 | 56 | 112 | 252 | 84 | 168 | 336 | 112 | 224 


1 First fertilizer application 1 month after planting, second fertilizer application 
4 months after planting, third fertilizer application 8 months after planting, and 
fourth fertilizer application 12 months after planting. 


The sub- or split-plots consisted of two rows, 36 feet long; the pineapple 
plants were 18 inches apart in the rows, 1!4 feet apart between rows, and 
414 feet between plots, making a plot size of about !492 of an acre. There 
were 22 plants per row, or 44 plants per plot, which would give about 9,000 
plants per acre. Slips of the Red Spanish variety, the main commercial 
pineapple variety of the Island, were planted on November 21-23, 1951. 
The first fertilizer application was December 22, 1951, the second, March 
25, 1952, the third, August 6, 1952, and the fourth, November 10, 1952. The 
plants were treated with acetylene on November 29, 1952, to induce flower- 
ing. This consisted of spraying the crown of the plant with 25 to 30 ml. of 
a solution made by dispersing 2 ounces of calcium carbide in 5 gallons of 
water in a closed container. 

Leaf samples were taken from the pineapple plants on the same day and 
just before a fertilizer application was made. The active or largest leaves 
of the pineapple plant were selected for this purpose. These leaves occur 
near the center of the plant and may be removed by a firm, steady pull 
without tugging or exerting too great a force. One leaf was taken per plant 
from four plants selected at random in the row, giving eight leaves per plot. 
When brought to the laboratory the collected leaves were washed with 
distilled water to remove soil and other surface contamination. The basal 
portions containing the white-colored tissue, and the tip, were severed from 
the leaves. The leaves were dried at 100° C., ground to pass a 40-mesh sieve, 
and digested with sulfuric acid and hydrogen peroxide. Analyses for nitro- 
gen, phosphorus, and potassium were made on the digested material. 
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The experiment was harvested during May and June of 1953. Both weight 
and number of fruits per plot were taken. A slip count was also made just 
after harvesting. Slips are the axillary offshoots which arise from the buds 
found nearest the base of the fruits in the fruiting stalk of the plants and 
which are used for the commercial planting of pineapples. 

RESULTS 
YIELD OF FRUIT PER ACRE 
Number of fertilizer applications 

The number of fertilizer applications significantly influenced the yields 
of fruit (table 2). The use of one fertilizer application gave only the lowest 
yields per acre, as compared with other applications. With two fertilizer 
applications yields increased significantly from 11.7 tons to 13.2 tons per 
acre. The results from three fertilizer applications were almost significant 
at the 5-percent level, with an increase of 0.5 ton over that from two fer- 
tilizer applications. Four applications of fertilizer produced no better vields 
than two or three. For this experiment, the fourth application of fer- 
tilizer could have been safely omitted without reducing the yield of pine- 
apples, and also saving fertilizer and labor. 


Nitrogen 

Application of nitrogen fertilizers definitely improved yields. With one 
fertilizer application the nitrogen added was insufficient to raise the yields 
per acre significantly. The largest quantity added per application was 84 
pounds of N per acre. With two fertilizer applications yields increased 
significantly. The use of 168 pounds of N per acre in two applications of 
84 pounds each, gave a significant increase in yield over the 112 pounds of 
N-per-acre treatment, or two applications of 56 pounds per application. 
But 168 pounds of N per acre, or three applications of 56 pounds each, 
produced significant yield increases over the use of 84 pounds of N per 
acre, or three applications of 28 pounds each. The use of four applications 
of N gave significant yield increases when compared with the results from 
the no-nitrogen treatment, but the tonnage produced per acre was not as 
great as produced when two or three applications totaling 168 pounds N 
per acre, were used. The mean of the results from four applications also 
indicated nitrogen was significant in increasing yields. The use of 168 
pounds of N per acre in two or three applications gave results quite as good. 


Phosphorus 


The yield response to phosphate applications was not clear-cut. Phos- 
phorus applications did tend to increase yields somewhat for the first and 
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TaBLE 2.—Mean yields of Red Spanish pineapples grown at various fertilizer levels, 
Corozal Substation, plant crop, 1951-53 


Mean yield of pineapples per acre for the number of fertilizer 


Treatment in pounds per acre 
applications indicated— 


per application of— 


) 


N P2Os KO | One Two Three 








Four Mean 
Nitrogen (N) 

‘ | Tons i Tons a we Pans : Pons Tons 

0 28 56 11.6 12.30 | 13.3 1h ey ae 

28 28 | 56 12:0 12.3 13.0 13.6 12.8 

56 28 | 56 12.5 13.7 15.0 13.5 13.7 

84 28 56 12.0 15.8 13.4 14.5 13.9 
Phosphorus (P:05) 

75 0 56 12.2 15.2 14.2 - 13.1 

75 28 56 12.5 13.7 15.0 13.5 13.7 
Potassium (K20) 

75 28 0 10.7 12.5 13.7 13.1 12.5 

75 28 28 12.2 13.4 12.7 13.7 13.0 

75 28 56 12.5 13.7 15.0 13.5 13.7 

Mean of all treatments per Wie 13.2 13.7 13.5 13.5 

application 





Least significant difference needed for comparisons between treatments of same 
fertilizer application at:! 


5-percent level 2.0 2.0 2.0 2.0 0.7 
1-percent level 2.6 2.6 2.6 2.6 9 


1 Least significant differences needed for comparisons between mean of all treat- 
ments per application at: 5-percent level, 0.6; 1-percent level, 0.8. 


second fertilizer applications. The application of more than 56 pounds P.O; 
per acre, however, was harmful. Since the application of more than 56 
pounds of P2O; per acre required at least three fertilizer applications, the 
harm may have been due either to the larger amount applied or the relative 
lateness in the growth cycle in which the additional phosphate applications 
were made. Lack of response to phosphate fertilizers and actual depression 
of yields by high phosphate fertilizers for pineapples has been recorded in 
experiments by previous workers (4, 7). 
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The use of potash fertilizers increased pineapple yields per acre. There 
were no significant increases in yields attributable to any particular number 
of fertilizer applications, although the mean of the four applications showed 
a very significant increase in yield when potash was applied. The difference 
in pineapple yields between the no-K.O and the highest K.O treatment 
(56 pounds of K:O per acre rate) tended to decrease when the number of 
applications increased. The yield differences in tons of pineapples per acre 
were 2.2, 1.1, 1.3, and 0.4 for the respective number of fertilizer application 
treatments. 


TaBLE 3.—Mean slips per plant produced by Red Spanish pineapples grown at various 





Treatment in pounds per acre 


28 


56 
84 


56 
56 


56 
56 
56 


per application of— 


fertilizer levels, Corozal Substation, plant crop, 1951-53 


Mean pineapple slips per plant for the number of fertilizer 





applications indicated 

















POs KO One Two Three Four Mean 
Vitrogen (N) 

28 56 2:3 Pa | 21 1.6 2.0 

28 56 1.8 2.4 2.3 2.4 2:2 

28 56 2:3 2.4 3.0 2.3 2.5 

28 56 22 2.8 20 2.7 2.6 
Phosphorus (P205s) 

: é — 

0 56 2.0 2.3 2.9 3.5 2.0 

28 56 2:3 2.4 3.0 | 2.3 2.5 
Potassium (K20) 

28 0 1.5 2.5 2.8 2.0 2.2 

28 28 2.4 2.3 2.2 2.5 2.3 

28 56 2.3 2.4 3.0 | 2.3 2.5 

| 
7 ae | 2.4 2.6 2.4 2.4 


Mean of all treatments per 
application 





Least significant difference needed for comparisons between treatments of same 
fertilizer application at:! 


5-percent level 
1-percent level 


0.63 | 
84 | 


0.63 
84 


0.63 
84 


| 
| 


0.63 
84 


0.32 
42 





1 Least significant difference needed for comparisons between mean of all treat- 
ment per application at: 5-percent level, 0.23; 1-percent level, 0.32. 
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YIELDS OF SLIPS PER PLANT 


Inasmuch as the main source of commercial planting material for pine- 
apples is slips, the influence of fertilizer on slip production is important. 
The number of fertilizer applications was not important in increasing the 
yield of slips per plant, after two fertilizer applications (table 3). 

The number of slips per plant tended to increase with increasing nitrogen 
applications. This was more evident with two, three, and four fertilizer 
applications. 

The use of phosphate fertilizers did not increase slip production. Where 
a total of 112 pounds of P2O; was applied per acre in four applications the 
number of slips produced per plant was lowered significantly as compared 
with the no-P.O; treatment. 

Potash fertilizers tended to increase slip production. The response was 
significant only for the one-fertilizer-application treatment. The other 
treatment failed to show significant increases in number of slips from potash 


applications. 


LEAF ANALYSIS 


Leaf samples were taken to determine when the foliar diagnosis of the 
pineapple plant was feasible as a means of determining the crop’s fertilizer 
needs. The results obtained, although limited to one crop, give rise to the 
belief that foliar diagnosis for pineapples is practicable (table 4). 


Nitrogen 

Leaf-N values disclosed rather well the nitrogen status of the pineapple 
plant in relation both to nitrogen fertilizer applications and to yields. For 
the first application of fertilizer, leaf N increased with increased nitrogen 
applications to the soil when heat samples were taken 3 months after the 
fertilizer was applied. However, when leaf samples of the first application 
were taken 8 months after the fertilizer had been applied, the differences 
in leaf-N values disappeared, and all leaf values tended to be the same 
despite the quantity of fertilizer applied. Leaf samples taken 4 months 
after the second of the two fertilizer applications also revealed differences 
in leaf N with increasing nitrogen applications. It appears that for pine- 
apples, as for sugarcane (3), the best time for leaf sampling is about 3 to 4 
months after fertilizing the plant. 

After two applications of fertilizer leaf-N values showed increases when 
vields also increased. A yield of 15.8 tons of pineapples per acre, which 
was significantly higher than the 13.7 tons per acre, was associated with a 
leaf-N value of 1.66 percent. Leaf-N values of about 1.28 percent were 
associated with lower yields of 12.3 tons per acre. Thus, leaf samples taken 
4 months after the second of the two fertilizer applications showed, by 
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TABLE 4.—Nutrient content of pineapple leaves from Red Spanish pineapples grown 
at various fertilizer levels, and their corresponding yields of pineapples per acre, 
Corozal Substation, plant crop of 1951-53 





Leaf nutrient content of pineapple leaves, | Yields of pineapples per acre 


Treatment in pounds per acre ; : a oa 
atment in poun 1s per acre dry-weight basis for number of fertilizer | for number of fertilizer 
per application of— i ‘spat aay wc pice eagle aie ash 
applications indicated— | applications indicated— 
ae | | l ~ | | 
N | POs KO One! | One? | Two? | One Two 


Nitrogen (N) 





| Percent Penns Percent | Ton s / Tons 

0 [> es 06 1.34 tis 1225 11.6 12.3 

28 28 56 1.50 1.26 1.28 12.0 12.3 

56 28 56 1.67 1.25 1.48 12-5 13.7 

84 | 28 56 1.55 1.25 1.66 12.0 15.8 
Phosphorus (P) 

56 0 56 0.14 0.24 0.20 10.7 12.2 

56 28 56 AY .26 .20 12.5 S28 
Potassium (K) 

56 28 0 4.60 4.25 4.31 10.7 12.5 

56 28 28 4.88 4.39 4.24 12.2 13.4 

56 28 56 — 4.56 4.39 12.5 13.7 





1 Leaf sample taken 4 months after planting. 
2 Leaf sample taken 8 months after planting 


their leaf-N values, that yield response should be expected with nitrogen 
fertilizer application. Leaf-N values below 1.66 percent would be indicative 
of a nitrogen deficiency and of the probability that the application of 
nitrogen fertilizers would bring increased yields. With leaf-N values near 
1.25 percent, the nitrogen deficiency was more intense, and so larger yield 
increases would be expected than with leaf-N values of 1.43 percent. 


Phosphorus 

Leaf-P values showed an increase with the first phosphate fertilizer ap- 
plication when leaf samples were taken 3 and 7 months thereafter. There 
were no increases in leaf P for leaf samples taken 4 months after the second 
fertilizer application. Even though phosphate fertilizers did not influence 
yields consistently when applied at different times and rates, leaf-P values 
below 0.17 percent 4 months after planting may be interpreted to be indica- 
tive of a phosphorus deficiency. A value of 0.17-percent leaf P appears to 
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be a safe minimum for this experiment to represent sufficient phosphorus 
available for good pineapple yields. 


Potassium 

After the one application of fertilizer, leaf-K values increased with in- 
creasing potash applications. After two fertilizer applications, leaf-K values 
showed no appreciable increase with increased potash applications. As the 
yields for any particular ‘‘number-of-fertilizer-application” treatment 
showed no significant increases with potash applications, the leaf-K values 
obtained appear to indicate little or no yield response to potash applications 
in the field for this experiment. Experiments will have to be performed with 
pineapples grown on soils where responses to potash fertilizers can be 
obtained in order to secure leaf-K values for deficiencies of this element 
in the field. 


DISCUSSION | 

The results of the response of the plant crop of Red Spanish pineapples 
at the Corozal Substation clearly indicate that high rates, or a large number 
of fertilizer applications are not needed for good pineapple yields when 
disease and insect damage are not limiting factors. It is true that yields of 
16 tons of Red Spanish pineapples per acre are high. This is almost twice 
the general average of the Island, and equals Schappelle’s highest yield 
obtained with 640 pounds of N per acre (7). It is also to be remembered 
that this yield was obtained with only two fertilizer applications, one-half 
that now used by the growers at lower rates. Thus, not only were yields 
increased, but labor and fertilizer costs were reduced. 

That less fertilizer and fewer applications were needed in this experiment 
on a Lares clay does not mean, of course, that all pineapple soils in Puerto 
Rico can do with only two or three fertilizer applications totaling 168 
pounds of N per acre for high yields. Experiments are now underway on a 
Bayamon sandy clay to determine the fertilizer response on this lighter 
textured pineapple soil. A definite aid in determining the correct number 
and rate of fertilizer applications is the use of foliar diagnosis. Although 
the information obtained is for one crop only, the close relationship between 
yield and leaf-nutrient values, especially for nitrogen and phosphorus, 
indicated that this method may prove of great service in determining pine- 
apple fertilizer requirements. 

Although the primary finding reported in this paper is the response of 
pineapples to fertilizers, the authors cannot help but stress the role of 
proper control of biologic-parasitic factors in obtaining proper fertilizer 
yield responses. For, if the pineapple plant’s root system is attacked by 
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nematodes, white grubs, and root rots, and the leaves by mealybugs, the 
plant cannot function normally. The intake of nutrients through the root 
system becomes limited, and the plant cannot make proper use of the 
nutrients available in the large volume of soil where its roots normally 
feed. Limited root feeding means less nutrients available to the plant 
for growth and fruiting, and also the need to fertilize heavier and more 
often near the base of the pineapple plant so that the few effective roots can 
feed it better. 


SUMMARY 


This paper reports the results obtained in studies carried out on Red 
Spanish pineapples at the Corozal Substation for a plant crop in the effort 
to determine the effect upon yields of the number of fertilizer applications 
and various levels of fertilizer applied. The experimental results may be 
summarized as follows: 

1. The use of three and four fertilizer applications to pineapples gave 
no higher yields than did two only. 

2. Increases in yields were obtained with nitrogen applications. The 
use of a total of 168 pounds of N per acre, whether applied in two or three 
applications, gave the highest yields of pineapple per acre. 

3. There were no appreciable yield responses to phosphate fertilizers 
applied in excess of 56 pounds of P20; per acre and beyond 9 months prior 
to the harvest. 

4. Potash fertilizers gave some yield increases, but these were not as 
appreciable as for nitrogen applications. 

5. Yields of slips per plant were lowest for one fertilizer application. 
Slip yields increased with increasing nitrogen and potassium fertilizer 
applications. 

6. Leaf-N values increased with yields. Leaf-N values below 1.66 per- 
cent were associated with significant and positive yield response to nitrogen 
applications 

7. Leaf-P values of 0.17 percent and leaf-K values above 4.25 percent 
were associated with no significant increases in yield when phosphate and 
potash fertilizers were applied. 

8. The importance of proper biological-parasitic control in obtaining 
proper response to fertilizers is emphasized. 


RESUMEN 


En este trabajo se informan los resultados obtenidos de los estudios 
llevados a cabo en la Subestacién de Corozal para determinar cémo responde 
la pifia Espafiola Roja a la frecuencia de las aplicaciones de abono y a los 
distintos niveles de fertilidad. 
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Estos resultados pueden resumirse como sigue: 

1. Cuando se aplicé abono a la pifia por tres y cuatro veces, no se registré 
aumento alguno en los rendimientos que cuando se aplicé dos veces. 

2. Los aumentos en los rendimientos se obtuvieron mediante las aplica- 
ciones de nitrégeno. El uso de 168 libras de nitrégeno por acre, produjo el 
mayor rendimiento de frutas por acre ya fuera aplicado en dos 0 tres veces. 

3. No se registré que el uso de los abonos fosfatados influyera sobre los 
rendimientos. 

4. Los abonos potdésicos aumentaron en algo los rendimientos, pero no 
en la forma que lo hicieron los nitrogenados. 

5. La produccién de “slips” por planta fué menor cuando sdélo se hizo 
una aplicacién de abono, sin embargo, se logré aumentar la produccién de 
este material de propagacién cuando se aumenté el ntimero de las aplica- 
ciones de abonos nitrogenados y potdsicos. 

6. El valor N-foliar aumenté con los rendimientos cuando el valor 
N-foliar quedé mas bajo que el 1.66 por ciento, esto quedé asociado con la 
manera significativa con que el rendimiento respondiéd a las aplicaciones 
de nitrégeno. 

7. Un valor P-foliar de 0.17 por ciento y un valor K-foliar sobre 4.25 
por ciento se asociaron a aumentos no significativos en los rendimientos 
cuando se aplicaron abonos fosfatados y potasicos. 

8. En este trabajo también se discute el control biolégico-parasitico 
mas adecuado para hacer que la pifia responda mejor a las aplicaciones de 
abono. 
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Determination of O,O-Diethyl O-p-Nitrophenyl 
Thiophosphate (Parathion) in Pineapples 


R. Santini, Jr., and Evangelina Sotelo! 
INTRODUCTION 


In experiments carried out by the Entomology Department of this 
Station, the new synthetic insecticide O,O-diethy] O-p-nitropheny! thio- 
phosphate, better known as ‘“‘parathion’” has been found very satisfactory 
for the control of the larva which is the causative agent for the disease 
known as pineapple gomosis. Because this insecticide is highly toxic it 
was necessary to determine whether it left any residue on the fruit. After 
a thorough search of the literature it was decided to apply the analytical 
method developed by Averell and Norris (1)’, a procedure that had already 
been applied to apple, pear, grape, tobacco, cabbage, brussels sprouts, corn, 
tomato, cherry, pea vine, wax bean, grapefruit, and soils. 


EXPERIMENTAL PROCEDURE 


There are three major steps in the determination of minute quantities of 
parathion by the Averell and Norris procedure. The first step isthe reduc- 
tion with zine dust in acid solution to the amino compound. The second 
step is the diazotization of the amino compound with sodium nitrite, re- 
moval of the excess nitrite with ammonium sulfamate, and coupling with 
N (1-naphthyl) ethylenediamine dihydrochloride to produce an intense 
magenta color. The third step is the evaluation of the color developed with 
a Coleman spectrophotometer and a standard transmission-concentration 
curve prepared by using a stock solution of parathion in benzene. Aliquots 
of this solution containing from 20 to 200 ug. were taken to prepare the 
curve (fig. 1). All readings were taken at a wavelength of 555 mu, which is 
the absorption maximum obtained in the transmittance-wavelength curve 
of the colored solution (fig. 2). 


DETERMINATION OF PARATHION IN PINEAPPLES 
PREPARATION OF SAMPLE 


Two hundred and fifty grams of pineapple were triturated in a Waring 
blendor for 2 minutes with different aliquots of a solution containing para- 
thion dissolved in ethy] alcohol (0.3575 gm./1.). One hundred and twenty-five 
grams of the mashed sample were then poured into a cylindrical separatory 


1 Associate Chemist and Research Assistant, respectively, of the Agricultural 
Experiment Station, University of Puerto Rico, Rio Piedras, P. R. 

2 Also sometimes as “‘E 605” or ‘‘compound 3422.” 

3 Numbers in parentheses refer to Literature Cited, p. 15. 
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funnel. Two hundred grams of benzene were added and the parathion 
extracted by placing the separatory funnel in a horizontal shaker for 114 
hours. The bottom layer was drawn off and the benzene stored in a well- 
stoppered flask. One hundred grams of the benzene extract were weighed 
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Fic. 1.—Standard transmission-concentration curve prepared using a stock solu- 
tion of parathion in benzene. 
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Fig. 2.—Readings obtained at the absorption maximum of the transmittance- 
wavelength curve of the colored solution used. 
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TABLE 1.—Results of the determination of parathion in pineapple 





| 
| 





Sample No. Parathion added Parathion found on analysis 
| P.p.m. | P.p.m. 
1 | 0.1 | 0.2 
2 | 3 3 
3 | 4 5 
4 P| 8 
5 | 9 9 
6 | 1.2 1.2 
7 1.5 1.2 
8 1 1.4 
9 2.3 2.1 
10 2.4 2.0 
11 3.0 2.9 





into a 300-ml. tall-form beaker and decolorized with 11 gm. of clay-supercel 
mixture using the procedure of Averell and Norris. 


DETERMINATION 


The decolorized benzene solution was concentrated to 10 ml. in a 300-ml. 
tall-form beaker on a steam bath. The last 10 ml. of benzene were removed 
at room temperature by passing air over the surface, evaporation being 
discontinued as soon as the residue was dry. This residue was taken up in 
a mixture of 10 ml. of alcohol and 10 ml. of water; 2 ml. of 5N HCl and 
0.2 gm. of zinc dust were added. Each beaker was covered with a watch 
glass, the contents boiled 5 minutes, allowed to cool, and then filtered 
through a No. 42 Whatman filter paper into a 50-ml. volumetric flask. 

The beaker, residue, and paper were washed until the total volume of 
the filtrate was about 40 ml., when 1 ml. of 0.25-percent NaNO» was added, 
the flask was agitated, and then let stand for 10 minutes. Next 1 ml. of 
2.5-percent ammonium sulfamate was added and the mixture was again 
agitated and let stand for 10 minutes. Finally, 2 ml. of 1-percent N (1-naph- 
thyl) ethylenediamine dihydrochloride was added and the mixture diluted 
to 50 ml. with water. The blank solution, consisting of pineapple containing 
no parathion, was now used to set the spectrophotometer scale at 100-per- 
cent transmittance. The transmittance of each sample was then determined. 


RESULTS 


Table 1 shows the results obtained. 


SUMMARY 


Reliable results are obtained using the Averell and Norris procedure for 
the determination of very small qualities of parathion in pineapple. 
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RESUMEN 


Se obtienen resultados satisfactorios cuando se usa el método Averell y 
sa Norris, para determinar cantidades pequefias de parathion en la pifia. 


LITERATURE CITED 
1. Averell, P. R. and Norris, M. V., Analy. Chem. 20 (8) 753-56, 1948. 
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Effect of Photoperiodism on Enzymatic Responses 
of Sugarcane 


Marco A. Ti6 
INTRODUCTION 


It has been suggested by several investigators that there is a definite 
relationship between the photoperiodic responses of the plants and their 
enzymatic systems (1)? (2) (7) (8) (9) (10) (11) (18). It has also been 
demonstrated (15) that maleic hydrazide delays the blossoming of some 
plants and (5) that it affects the respiratory activity of the plants through 
the partial inactivation of one or more dehydrogenases. Since the effect. of 
maleic hydrazide on the delay of blooming seems to be similar to that pro- 
duced by additional periods of light upon short-day plants, it was thought 
wise to investigate the possible effect of photoperiodism upon the enzymatic 
relations of sugarcane plants, particularly upon the dehydrogenases. 


EXPERIMENTAL PROCEDURE 


In this investigation meristematic tissue of sugarcane plants which had 
received 2 hours of additional light every night for the period May 15 to 
September 24, and which did not bloom; and of similar tissue samples from 
control plants which bloomed normally, were used for the preparation of 
extracts. The dehydrogenase activity of the extracts of these tissues was 
determined colorimetrically by the triphenyltetrazolium chloride method 
(3). For quantitative determinations, a concentration curve (fig. 1) was 
prepared by using standard solutions containing 1, 2, 4, 6, 8, and 10 ug. of 
tripheny] formazan per milliliter of solution. These solutions were prepared 
by dissolving in acetone crystals of the tryiphenl formazan previously 
synthesized by the method of Mattson et al. (12). 

Points on the standard curve were determined by measurements of the 
optical density at the 490-my absorption maximum using a Coleman 
Universal Model 14 spectrophotometer. 

The meristematic parts of the sugarcane were dispersed in a Waring 
blendor with acetone for 5 minutes. The filtrate was discarded and the 
remaining solid matter was placed in a desiccator for 2 weeks until it was 
completely dry. Ten grams of the dry material from the plants subjected 
to each of the treatments, i.e., additional periods of light and natural day- 
length, were blended separately in a Waring blendor for 3 minutes with 

1 Associate Plant Physiologist, Agricultural Experiment Station, University of 


Puerto Rico, Rfo Piedras, P. R. 
2 Numbers in parentheses refer to Literature Cited, p. 20-1. 
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20 ml. of phosphate buffer of pH 7.4. The blended material was squeezed 
through six layers of cheesecloth and finally filtered through a No. 40 
Whatman filter paper. One milliliter of the filtrate from the extraction of 
the meristematic tissues of the plants subjected to the extended photo- 
periods was placed in each of six small test tubes. To each of these tubes 
were also added 0.5 ml. of 0.2 M sodium succinate, 1 ml. of the phosphate 
buffer, 2 ml. of distilled water, and 0.5 ml. of 0.5-percent 2,3 ,5-triphenyl- 
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Fig. 1.—Concentration curve of triphenyl formazan. 


tetrazolium chloride. The tubes were placed in a constant-temperature 
bath at 37° C. for a period of 5 hours. 

A similar procedure was used with the extracts of the meristematic 
tissues of the plants grown under natural day-lengths, and also with por- 
tions of both extracts boiled before the addition of the above-mentioned 
reagents. At the end of 5 hours at 37°C. the test tubes containing the 
extracts were removed from the constant-temperature bath and their 
contents were extracted with acetone. 

The formation of triphenyl formazan in the extracts was determined 
colorimetrically in the spectrophotometer by comparison of their optical 
density at 490 mp with the concentration curve already prepared. 
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TABLE 1.—Average spectrophotometric readings of the optical-density values for 
triphenyl formazan produced by the extracts of sugarcane meristematic tissues 
grown under different photoperiods! 





Results for extract No.— 











Light 
1 2 3 
Prolonged 0.440 0.451 0.485 
Controls | .265 320 .283 





1 The values are averages of the 6 replicates of each extraction. 


TABLE 2.—Micrograms of triphenyl formazan produced per milliliter of solution of 
the extracts of sugarcane tissues grown under different photoperiods! 

















Results for extract No.— 
Light ree adam Coitieaaaaas 
1 | 2 3 
+ | | 
j | 
Prolonged 6.2 | 6.4 6.7 
Controls 3.7 | 4.5 | 4.1 





1 The values represent the averages of the 6 samples of each extraction. 


RESULTS 


Three extractions of six samples each were made from the tissues of the 
meristems of the sugarcane grown under extended photoperiods and under 
natural day-lengths. 

In every case the results obtained with the six replicates were almost 
identical, showing very little variation. All the solutions were light-straw- 
colored before the test for the activity of the dehydrogenases in them. 
After the test all the solutions displayed a red coloration, apparently due 
to the presence of triphenyl formazan formed during the test. 

In all cases the intensity of the red color was apparently higher in the 
extracts of the meristematic tissues of the plants grown under the extended 
photoperiods. 

Table 1 shows an average of the results obtained in the spectrophoto- 
metric readings of the three extractions, and table 2 the quantity of tri- 
phenyl formazan produced as read on the curve. 

Apparently the extracts made from cane under additional periods of 
light produced more tripheny] formazan, indicating greater dehydrogenase 
activity. 


DISCUSSION 


Some of the responses of sugarcane plants placed under altered photo- 
periods could possibly be explained on the basis of enzymatic responses of 
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the plants to abnormal photoperiods. The results shown in tables 1 and 2 
seem to indicate that extended photoperiods either induce an increased 
activity of the dehydrogenases in the cells of the meristematic regions of 
the canes, or cause the cells to produce more of these organic catalysts. 

That enzymes are affected by the length of the photoperiods has been 
demonstrated by Knott (9), who found that there is a change in the activ- 
ity of some enzymes in the growing points of spinach after 2.5, 16.5, and 
40.5 hours of light exposure. It has also been shown that since light is the 
active factor in photoperiodism, some radiations are responsible for changes 
in the activity of the enzymatic mechanism of several plants (4). 

According to Summer and Somers (14), the dehydrogenases are enzymes 
of ‘‘first attack,” and they start a series of reactions which lead ultimately 
to the formation of water. These enzymes are hydrogen removers or hydro- 
gen carriers and consequently induce oxidation. A greater activity of the 
dehydrogenases means an increase in the rate of respiration. 

In sugarcane an increased activity of the dehydrogenases may lead 
also to a higher rate of over-all metabolism which may finally result in a 
suppression of blooming and in greater plant growth. 

The use of the 2-3-5 triphenyl tetrazolium chloride in this experiment 
to determine the presence or the activity of the dehydrogenases is based 
upon the property shown by the solutions of 2-3-5 TTC when reduced by 
a suitable reducing agent. These solutions turn colorless solutions red by 
formation of triphenyl formazan when reduction occurs. 

The change from 2-3-5 triphenyl tetrazolium chloride to the triphenyl- 
formazan is shown by the following reaction: 


34 a 
<4 
N 





Bes 
% # + 2¢ + 2H+ + H-N—N=C—N=N + HCP 
| | 


2,3,5 triphenyl tetrazolium chloride Triphenyl formazan 


The apparent redox potential of 2-3-5 triphenyl tetrazolium chloride is 
about —0.8 volt; thus it is possible for this compound to act as an electron 
acceptor for many dehydrogenases (6). 

It seems that the dehydrogenases present in sugarcane tissues reduced 
the 2-3-5 triphenyl tetrazolium chloride, which here acted as a hydrogen 
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acceptor for the hydrogen from the substrate, producing more intensely 
colored solutions of triphenyl formazan in the extracts from the meriste- 
matic tissues of the sugarcanes grown under additional periods of light. 
That the increase in reduction of the 2-3-5 tripheny! tetrazolium chloride 
in this experiment was caused by an enzyme and not by sugars or other 
reducing agents was shown by the results obtained with the boiled extracts 
before the reduction test. The boiled extracts showed negative results, 
indicating that the enzymes had been irreversibly destroyed by heating. 


SUMMARY 


From the results obtained in the present investigation and from many 
more similar reports it is possible to conclude that, apparently, extended 
photoperiods induce either a higher activity of the dehydrogenases present, 
or an increase in the content of these enzymes in the cell of the apical 
meristems of sugarcane plants. 

It also appears that the conditions controlling the activity of the meri- 
stems are limited somewhat by the enzymatic activity of the cells of the 
meristems. 

Though there is no evidence as yet to support a theory regarding the 
enzymatic control of the floral mechanism, the apparently higher meta- 
bolic activity induced by a higher content, or increased activity of the 
enzymes in the cells, and the prolongation of the vegetative condition of 
the meristematic cells, seem to be interrelated with and dependent upon 
the photoperiods. 


RESUMEN 


La presente investigacién con la cafia de azticar sefiala que cuando se 
prolongan los periodos de luz a la planta se registra una mayor actividad 
de las dehidrogenasas o hay un aumento en el contenido de estas enzimas 
en las células del tejido meristematico. 

Se ha podido deducir de la investigacién que las condiciones que contro- 
lan la actividad de los meristemios estan limitadas, hasta cierto punto, por 
la actividad enzimatica de dichos tejidos. 

Aunque no hay evidencia atin para respaldar la teorfa que relaciona el 
control del mecanismo floral por medio de las enzimas, la aparente mayor 
actividad metabdlica inducida por un contenido mas alto, 0 por una activi- 
dad mayor de éstas, asi como la prolongacidén del estado vegetativo de las 
células meristemdticas, parecen estar relacionados con y depender de los 
fotoperiodos. 
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Nematode-Larvae Infestation in Goats Fed “Malojillo” 


(Para Grass) and Merker Grasses in Puerto Rico 


H. Ciordia and J. D. Rivera-Anaya' fe 
INTRODUCTION 


Internal parasitism of domestic animals in Puerto Rico is of great eco- 
nomic importance. High humidity, heavy rainfall, moderate temperature Ff 
and a relatively dense animal population in a restricted area are among the 
ecological factors favorable for parasitism. Pp 

The prevalence of intestinal nematodes is perhaps one of the most a 
important reasons why the goat population in Puerto Rico is low. Death n 
of goats from parasitism is very common, and discourages farmers from g. 
increasing the number of animals and from importing exotic breeds. This 
limiting factor is very important to the economy of the Island because  w 
goats would be ideal milk animals for small farmers, sharecroppers, and in tl 
other cases in which available grazing land is limited. The parasite problem si 
must be investigated further before any appreciable success is obtained in la 
encouraging rural families to raise goats for milk and meat. eC 

Although most of the detrimental effects of parasitism on the animals 
may be counteracted by proper care and feeding, the use of concentrates w 
would not be feasible in Puerto Rico because of the poverty of most of the tk 
rural families. Therefore, grasses are almost entirely depended on to feed =m 
goats. ‘‘Malojillo”, or Parad grass (Panicum purpurascens Raddi), is the w 
most common, sometimes growing wild or uncultivated in a variety of = T 


habitats, but usually in moist low soils, riverbanks, marshes, and swamps. = w 
Merker grass (Pennisetum purpurascens va. merkerit Schumaker) is mor- ai 


phologically different from malojillo as to size of stems and blades, shape _al 
and number of leaves, degree of pubescense, height, erectness of growth, 
ete. fr 
Previous larval counts were performed at the Animal Husbandry De- wi 
partment of this Agricultural Experiment Station on malojillo and Merker 1! 
grasses from alternate, adjacent plots on low, wet ground between 1947 _ pc 
and 1950. A total of 78 larval counts was made on each grass, on 200-gm. = w 
samples of chopped grass for each count using the Baermann technique. _ad 
(3)? Malojillo had an average count of 23.37 larvae per 200-gm. sample, ki 
whereas Merker grass had an average of only 3.13 larvae per sample. No 


1 Associate Parasitologist and Veterinarian, respectively, of the Agricultural Ex- tr 
periment Station, University of Puerto Rico, Rfo Piedras, P. R. fe 
2 Numbers in parentheses refer to Literature Cited, p. 31. M 
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distinction between larvae of free-living and parasitic nematodes was 
attempted. 

This experience induced the authors to investigate whether goats would 
acquire a significant variation in number and species of nematodes when 
fed these two grasses. 


MATERIALS AND METHODS 


The experimental goats were obtained from the Lajas Substation of the 
Puerto Rico Agricultural Experiment Station. 

Pregnant females were scrubbed and placed in clean, concrete stalls 
prior to parturition. The kids were taken away from their dams immedi- 
ately after delivery and placed in a specially constructed cage. The cage, 
measuring about 3’ x 3’ x 10’, had a wooden framework with welded, 
galvanized wire-fabric on all six sides to facilitate cleaning, was comforta- 
ble for the kids, and easily transportable. To protect the animals from the 
weather, the cage was placed under a tin roof and raised about 2 feet from 
the ground. To prevent infestation of the animals with intestinal para- 
sites, the cage was placed about 1,000 yards from the goat herd and iso- 
lated from other domestic animals. No vegetation was allowed to come in 
contact with the cage, and it was maintained clean at all times. 

Once isolated in the cage the kids were bottle-fed with goat’s milk which 
was gradually supplemented with concentrate. When about 3 months old 
they were brought to the main Station at Rio Piedras, where the experi- 
ments were conducted. As it turned out, the 12 kids were of different ages, 
with a variation of about 5 weeks between the oldest and the youngest. 
The male kids were castrated with an emasculator shortly afterwards and 
were fully recovered by the time the experiments started. Two of the 
animals died of accidental suffocation and, unfortunately, we were not 
able to replace them. 

The kids were kept in part of a barn that provided sufficient isolation 
from other animals. This area was divided into three cages, walled-off by 
welded, galvanized wire-fabric with ‘‘calf-mat’’ floors supported about 
114 feet above the barn’s concrete floor. The calf-mat floors had the least 
possible supports to prevent fecal pellets from lodging in the crevices, and 
were easily cleaned. Each cage, separated by 3-foot passageways from 
adjacent ones, was provided with a feeding box, designed to prevent the 
kids from getting into it and to make it easy to keep clean. 

The young goats continued their milk diet, but the amount of concen- 
trate was increased gradually. Imported hay was also provided. This 
feeding schedule was followed until the beginning of the experiments. 
Meanwhile, fecal samples were periodically examined to insure our dealing 
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with parasite-free animals. A very light infestation with Strongyloides 
paptllosus was detected in 4 of the 10 animals. This was not considered 
to be serious since the difficulty of preventing an infection with that 
nematode was well known (2). As a preventive measure, each goat received 
phenothiazine for a period of 4 days about 2 weeks before starting the 
experiments. Phenothiazine, although ineffective against S. papillosus, 
was used in the event of very light undetected infestation with other 
roundworms. , 

The 10 kids were divided into 2 groups of 4 animals each and a third 
one of 2. The animals of each group were placed in one of the cages previ- 
ously described, where they remained for the duration of the experiment. 
One group of goats received chopped Merker grass (Pennisetum pur- 
purascens va. merkerti Schumaker) and concentrate. The second group 
was fed chopped malojillo (Par4 grass) (Panicum purpurascens Raddi) 
and concentrate. The third group received imported hay and concentrate, 
and thus served as a control group. 

Merker and malojillo grasses freshly cut from adjacent plots, were 
given to the corresponding animals daily, cutting being done in the early 
morning, when the grass was still damp with dew. Either one of the two 
grasses was cut first and placed in a designated burlap sack to prevent 
contamination. The machete employed was wiped clean before the 
other grass was cut. 

At the start of the experiment the two grasses studied were obtained 
from plots about a mile from where the animals were housed. However, 
since the animals were not being parasitized as heavily as desired, due to 
the low larval counts of these grasses, it was decided to cut the grasses 
from a gulley that drained the feces and the water used in cleaning the 
barn. This apparently was a paradise for parasites. Here also the Merker 
and malojillo grasses grew side by side, and both the larval counts and 
the humidity were very high. The same care was exercised in cutting and 
transporting the grasses. 

The daily routine in the care of the goats consisted of a thorough scrub- 
bing and flushing of the cages and feedboxes, removal of the grass left 
over from the preceding day, washing and replenishing the drinking water- 
buckets, and hosing the concrete floor of the barn thus dislodging any 
fecal pellets that might have caught in the calf-mat floor. The man who 
did this work was asked to remove his shoes before entering the cages, and 
to wash his feet before going into another cage. After the cages were 
properly cleaned fresh grass was placed in the feedbox. 

Fecal samples collected from the rectum of each goat were examined 
weekly for about 1 month prior to the beginning of the experiments. Only 
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Strongyloides papillosus ova were seen in 5 of the 10 animals. Egg counts 
were made by using the sugar-flotation method, where 1 gm. of fecal pellets 
was ground in a mortar, rinsed with sugar solution, and filtered through a 
sieve and into a centrifuge tube. The tube was capped with a cover glass, 
and centrifuged for 4 minutes, at 2,000 r.p.m. The cover glass was raised 
quickly from the centrifuge tube and placed on a slide. The total surface 
of the cover glass formerly in contact with the supernatant was searched 
for nematode ova. Thus, the total egg count per cover glass could be 
interpreted as the number of eggs per gram of feces. Egg counts were 
made every 15 days during the experimental period. 

At the time the rectal fecal sample was obtained from each animal, a 
blood sample was drawn to determine its hemoglobin content and the 
packed-cell volume. The Sheard and Sanford method for hemoglobin 
determination was employed (1); packed-cell volumes were determined by 
the Wintrobe technique. 

At the conclusion of the experiment all the goats were sacrificed and a 
meticulous search of the digestive tracts was made to recover all intestinal 
parasites. The technique for recovering the worms was closely followed in 
all the examinations so as to avoid discrepancies in the results due to 
variations in techniques. 

Double ligatures secured with twine were tied on the esophagus near its 
entrance to the rumen, between the omasum and abomasum, at the pyloric 
area, at the ileocecal junction, and at the cecocolonic junction. A single 
ligature was tied far down on the rectum, near the anus. Cuts between 
each pair of double ligatures allowed separation of the gastrointestinal 
tract in tied-off sections without chance of spillage of their contents and 
loss of any parasites present. 

Each tied-off section was individually slit open and its contents washed 
thoroughly through a sieve with a 40-gage mesh using a sink hand-shower. 
Any nematodes present were retained by the mesh. Parasites recov- 
ered from each goat were placed in a suitable container with preserv- 
ative and saved for future counting and identification. The mucosa was 
painstakingly searched for worms that were put in the corresponding vial 
for future counting and identification. 


OBSERVATIONS AND CONCLUSIONS 


The hemoglobin content of the blood samples from all the goats failed 
to demonstrate any significant variation from the normal curve (table 1). 
This lack of variation in blood hemoglobin among the three groups of 
animals receiving different grasses might be explained mainly by the low 
degree of parasitism achieved in all the animals and by the fact that the 
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TaBLE 1.—Hemoglobin content of blood taken at 16-day intervals from 10 differently 
fed goats, in Puerto Rico, 1953 
































Grams of hemoglobin/100 ml. of blood’on— 
Group treatment Goat No. or name . 
| June 1 |June 16 |June 30 |July 13 | July 27 |Aug. 12 |Aug. 24 
Group I, fed Merker 1987 10.0 | 10.9 | 10.6 | 10.4 ; 11.2 | 11.2 | 11.1 
1959 12.1 | 12.0.) 32.1 | Dil } 24 | 2 | BO 
1963 11.5 | 11.8 | 12.0.| 12.0: | 22.9) 16.7 | 30:8 
1982 13.0 | 13.5 | 18.5 | 18.1 | 18.0 | 12.4 | 13:0 
Group II, fed malo- 1942 12.7 | 11.6 | 12.2 | 12.3 | 12.1 | st i See 
jillo White 0230) [a7 | 10.3 | 11.8 | 12.0 | 12.1 | 31.0 
Chocolate 10.6 | 10:0:| 12.8 | 12.9: | 1038: | 25.0} 12.1 
1940 | 13.0 | 18.1 | 14.0 | 13.3 | 18.2 | 13.0 | 13.5 
| | | | 
Group III, fed im- 1966 11.6 | 12.0 | 11.2 | 13.6 | 12.3 | 13.0 | 12.8 
ported hay | 1949 1129: | 42.1 | 1228 | 2326 | 13.8 | 14.8 | 13.9 





TABLE 2.—Packed-cell volume of blood of 10 differently fed goats 
tervals, in Puerto Rico, 1953 


taken at 15-day in- 

















Volume of packed-cells, 


Wintrobe method, on— 























Group treatment Goat No. or name ern 

June 16 ‘ast 30 | July 13 | July 27 | Aug. 12 |Aug. 24 

Group I, fed Merker 1987 29.0 | 28.1 | 27.6 | 30.0 | 31.3 | 28.6 
1959 32.2 | 33.3 | 31.4 | 33.8 | 35.4 | 34.5 

1963 33.8 | 32.0 | 30.7 | 32.4 | 31.3 | 29.8 

1982 37.0 | 34.8 | 36.7 | 37.0 | 34.3 | 33.3 

Group II, fed malo- 1942 33.2 | 33.2 | 32.6 | 33.0 | 32.8 | 31.3 
jillo White 31.3 | 29.8 | 32.0 | 32.8 | 33.8 | 34.0 
Chocolate 29.0 | 32.3 | 33.0 | 31.0 | 31.7 | 30.8 

1940 | 37.5 | 38.4 | 38.2 | 38.0 | 38.4 | 37.0 

Group III, fed im- 1966 33.8 | 32.6 | 39.0 | 35.0 | 38.7 | 35.0 
ported hay 1949 34.2 | 34.7 | 39.2 | 40.0 | 42.8 | 37.2 





animals had an abundant supply of fresh grass and concentrate. Packed- 
cell-volume studies on the samples also failed to show any significant 
variation from the expected normal and the control animals (table 2). 





Fecal examinations for nematode ova exhibited a somewhat well-defined 
picture of the progressive degree of parasitism of the experimental animals 
(table 3). The first ova detected, those of Strongyloides papillosus, were 
observed even before the start of the experiments, thus indicating once 
more that it is very difficult: to prevent animals from acquiring S. papzillosus 
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TABLE 3.—Resulis of microscopical fecal examinations of 10 differently fed goats, 
specimens taken at 15-day intervals, in Puerto Rico, 1953 






































Number and species of nematode ova found!— 
Goat No. or name. | ———————— ———_____— — 
May 28 June 16 June 30 July 13 July 27 Aug. 12 Aug. 24 
1987 4S.p.|1S.p. | 3 S.p. 1S.p. | 54H.c.| 17 H.c. | 42 H.c. 
1 S.p. Sf. 19 T. 
1959 Neg 2 S.p. | Neg. Neg. 4Hc.| 11Hc.| 18 H.c. 
2 F. 19 T. ray 
1963 Neg Neg. 1 H.c. | Neg. 2 H.c. 3 H.c. 9 H.c. 
1982 2 S.p. | 1 S.p. | Neg. Neg. 2 H.c. 5 H.c. 1) #.c. 
1942 Neg 1 Hc. | 2 Hc. 1 H.c. | 49 H.c 55 O.c. | 237 O.c. 
2S.p. | 4S.p. 3 S.p. 5 S.p. | 337 H.c. | 34 H.c. 
| 97. 
White 1S.p. | 1H.c. | Neg. | 19S.p. | 72 H.c. | 21 O.c. 8 O.c. 
3 S.p. | 16 S.p 59 H.c. | 50 Hic. 
| | 14 T. 
Chocolate | 3S.p. | 2H.c. | Neg. | Neg. | 4Hc.| 1000. | 140-c. 
4 S.p. | 3S.p. | 110 H.c. | 94 H.c. 
67. | 18% 
| 
1940 Neg. | 4S.p. | Neg. | Neg. 7 H.c. 6 Ouc. | 4 O.c. 
| 26 H.c. | 31 Hc. 
1 S.p. 
| | | 
1966 | Neg. 1S.p. | Neg. | Neg. 1 S.p. | Neg. Neg. 
| 
1949 | 1S.p.|1S.p. | 2S.p. | Neg. 1 S.p. | Neg. | 1H. 


| 


| 
| 


| 





18.p. = Strongyloides papillosus; H.c. = Haemonchus contortus; T. = Tricho- 
strongylus spp.; Neg. = no ova seen; O.c. = Oesophagostomum columbianum. 


even when cared for meticulously (2). The infestations with this worm 
evidently disappeared about a month before the end of this work and they 
were not recovered from the digestive tracts of the animals after these 
were sacrificed. 

Haemonchus contortus was the second parasite to be harbored by the 
goats. It was also the one found more often and consistently and in the 
largest number of the goats. Ova of these worms were observed a month 
after the beginning of the experiment. Trichostrongylus spp. ova were 
observed 214 months after the start of the experiment, being followed 15 
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days later by Oesophagostomum columbianum. Eggs of Trichostrongylus 
and O. columbianum were observed only after it was decided to obtain 
grass for the animals from the plots near the drainage ditch next to the 
barn. 

Feces from those goats receiving malojillo (group II) (No. 1942, White, 
Chocolate, and No. 1940) showed a considerably larger number of ova 
than those in group I fed Merker grass (Nos. 1987, 1959, 1963, and 1982). 
The total number of ova observed in the 28 fecal samples of the goats 
eating Merker grass was 250, or 8.9 eggs per gram of feces. The total 
number of eggs for the malojillo group was 1,351, or 48.2 eggs per gram of 
fecal sample. Only 8 eggs were observed in the 14 fecal samples obtained 
from the control animals, that is, 0.57 eggs per gram-sample. Therefore, 
animals of groups I and II exhibited a significantly larger number of ova 
than those of the control group. 

After the goats were sacrificed, a very thorough examination of their 
digestive tracts, following the technique described under Materials and 
Methods, was performed. Three species of nematodes, Haemonchus contor- 
tus, Oesophagostomum columbianum, and Trichostrongylus axeii were re- 
covered. No Strongyloides papillosus were observed. A specimen each of 
Thysanosoma actinioides and Moniezia expansa was recovered from goat 
No. 1987. Goat Chocolate had an immature specimen of M. expansa. 
(table 4). 

One hundred and ninety-one nematodes were recovered from the four 
goats comprising group I, while 1,028 nematodes were recovered from the 
animals in group II. Only 3 nematodes were seen in one of the two goats 
in control group III. The number of worms recovered from the group 
eating malojillo was significantly larger than those from the other two 
groups. As a whole, the total number of worms found in all the animals 
was exceedingly low, but this may be explained by the fact that the chances 
for infestation through contamination were reduced to a minimum. The 
very low numbers of parasites recovered from the control animals, and the 
fluctuations in the numbers of ova and worms recovered from goats of the 
same group bear this out. 

Goats supplied with malojillo grass had the largest number of nematode 


parasites. Only the animals in group II harbored Oesophagostomum colum- | 


bianum. Haemonchus contortus was recovered from goats of all three groups. 
Considering that all goats involved in this work received abundant, 
adequate feed, that the chances of contamination were reduced to a mini- 


mum, that the two grasses studied were obtained from the same habitat | 


and handled identically, and that there was no opportunity for cross- 


contamination of one grass with larvae from the other, then it may be | 
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TaBLE 4.—Number and species of intestinal parasites found on postmortem 























ylus ae : ’ 
a examination of 10 differently fed goats, Puerto Rico, 1968 
the Group treatment Goat No. or name | Species and number of intestinal parasites recovered 
= a a oe 
‘ite Group I, fed 1987 | Haemonchus contortus 17 
tis Merker |  Thysanosoma actinioides 1 
-" * | Trichostrongylus spp. 42 
82). Moniezia expansa 1 
ats 
otal 1959 H. contortus 67 
1 of Trichostrongylus spp. 12 
ned 1963 H. contortus 8 
ore, 
ova 1982 do. 43 
heir Group II, fed 1942 Oesophagostomum columbianum 13 
| malojillo H. contortus _ 257 
a Trichostrongylus spp. 32 
tor- 
re- White O. columbianum 24 
1 of H. contortus 285 
oat Trichostrongylus spp. 13 
nea. Chocolate O. columbianum 6 
H. contortus 213 
‘our | Trichostrongylus spp. 58 
the M. expansa' 1 
ATS 
‘ 1940 | O. columbianum 3 
oup | HH. contortus 123 
two 
nals | Group III, fed 1966 | (2) 
ees imported hay | 
The 1949 |  H. contortus 3 
the 1 Immature. 
the 2 Negative. 


‘ode | concluded that goats receiving malojillo are more subject to a heavier 


um- | infestation with nematode larvae than those receiving Merker grass. 

ups. 

ani SUMMARY 

? 

‘ini- 1. The degree of nematode larvae infestation in goats fed malojillo 


itat | (Par& grass) and Merker grass in Puerto Rico was investigated in an 
oss- | attempt to determine whether goats would become more significantly 
- he | parasitized when eating either one of the two grasses. 
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2. The technique of raising and maintaining parasite-free animals is 
described. 

3. Blood samples for hemoglobin and packed-cell determinations and 
fecal samples for nematode ova counts were obtained every 15 days from 
the 10 experimental goats. 

4. It was found that goats eating malojillo harbored a larger number of 
nematode parasites than those eating Merker grass. Ova of Strongyloides 
papillosus appeared in the feces of the goats even before the beginning of 
this work, but that infestation disappeared about a month before the end 
of the experiment. Haemonchus contortus ova were seen next, being followed 
chronologically by Trichostrongylus spp. and Oesophagostomum columbia- 
num. The latter species was harbored only by the goats receiving malojillo. 
xoats eating Merker grass exhibited 8.9 ova per gram of fecal sample 
throughout the experiment, those receiving malojillo showed 48.2 eggs per 
sample, while those in the control group had only 0.57 eggs per sample. 

5. All animals were sacrificed at the conclusion of this work and the 
digestive tracts thoroughly searched for helminths. More nematodes were 
secured from the goats eating malojillo than from the other two groups. 
A total of 1,028 nematodes was recovered from animals in the malojillo 
group, 191 from the Merker group, and only 3 from the control group 
receiving imported hay. 


RESUMEN 


1. Se investigé sobre si el grado de infestacién de las yerbas malojillo 
y Merker con larvas de nematodos podria ser un factor significativo en 
cuanto a la mayor o menor parasitacién de cabros, al alimentarse con una 
u otra de estas yerbas infestadas. 

2. Se describe la técnica que debe practicarse para criar cabros libres de 
infestacién parasitaria. 

3. El contaje de los huevecillos de nemaétodos endoparasiticos en las 
muestras fecales y la determinacién de hemoglobina y volumen eritrocitico 
de la sangre se hicieron cada 15 dias, incluyendo a cada uno de los 10 cabros 
experimentales. 

4. Se encontré que los cabros alimentados con yerba malojillo infestada 
tuvieron un ntimero mayor de nematodos parasiticos que los alimentados 
con yerba Merker. En la etapa pre-experimental aparecieron los huevecillos 
del Strongyloides papillosus, los cuales desaparecieron aproximadamente un 
mes antes de terminarse el experimento. En orden sucesivo fueron apare- 
ciendo, segtin los eximenes coprolégicos, los huevecillos de otros nematodos, 
tales como Haemonchus contortus, Trichostrongylus spp. y Oesophagostomum 
columbianum. Esta ultima especie sélo aparecié en los cabros que consumie- 
ron yerba malojillo. 
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El contaje promedio de los huevecillos de las diferentes especies de endo- 
pardsitos, por gramo de materia fecal examinada microscépicamente, fué 
de 8.9, con respecto a los cabros alimentados con yerba Merker. Este mismo 
contaje hecho a cabros alimentados con yerba malojillo aleanzé un prome- 
dio de 48.2. Los animales del grupo testigo, alimentados con heno impor- 
tado, al someterse al contaje, sdlo tuvieron un promedio de 0.57 huevecillos 
por gramo de materia fecal examinada. 

5. Se sacrificaron todcs los cabros experimentales cuando se terminé el 
experimento y al hacerse los examenes de sus tractos digestivos se encontré 
que los cabros alimentados con yerba malojillo tuvieron mas nemaétodos 
que los de los otros tratamientos. Se recobraron 1,028 nematodos parasiticos 
de los cabros alimentados con yerba malojillo; 191 de los alimentados con 
yerba Merker y 3 de los animales testigos alimentados con heno importado. 
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Dispersion to the Tropics of the Spiraea Aphid, 
Aphis spiraecola Patch’ 


George N. Wolcott? 
INTRODUCTION 


The first recorded occurrence of the spiraea aphid, Aphis spiraecola 
Patch, was on bridalwreath, Spiraea prunifolia, on the campus of the 
Agricultural College at Fort Collins, Colo., in 1907, by C. P. Gillette (6). 
It was not noted subsequently at this locality by him, however, but on a 
collecting trip in June 1910, he found it at Washington, D. C., at three 
localities in both New York and Massachusetts, and at two localities in 
Michigan. Noting its close similarity to A. pomi DeGeer, he tentatively 
identified it as A. spiracella Schoutenden. From material collected at 
Orono, Maine, Edith M. Patch described it as A. spiraecola (9). 

At that time, and for 10 years more, it attracted no attention, being of 
very minor importance economically, and not being noted as attacking any 
other than species of Spiraea. Dozens of ornamental and horticultural 
varieties of this species are grown in the northern United States, besides 
two wild, endemic species: Meadowsweet or pride of the meadow, and 
hardhack or steeplebush, which presumably were the original hosts. 
These have an extensive distribution in burned-over or deforested areas of 
minor agricultural value, mingled with poplar, huckleberry, and moss, or 
on stream or lake margins, or along roadsides. On both its wild and culti- 
vated hosts, this aphid—rarely so abundant as to be actually injurious to 
its host and definitely causing no apparent stunting even on watershoots, 
nor curling of the leaves at any time—may be considered as extremely 
well adjusted to its specific ecological niche, which presumably it had 
unobtrusively occupied for a long time before being observed by an en- 
tomologist. 


Hatching of the black, overwintering eggs of A. spiraecola Patch in the | 


spring in northern New York (region around and to the north of Barneveld, 
Oneida County) coincides with the opening of the buds of bridalwreath. 


Many stems of flower clusters may be found heavily infested before the | 
flowers begin to open, with development of the aphids so rapid that a | 


second generation may begin to appear within a week after the hatching 
of the eggs. Maggots of Syrphid flies may attain full size on such colonies 


‘From a paper presented at the sixty-fifth annual meeting of the Entomological | 


Society of America at Los Angeles, Calif., December 1953. 


2 Entomologist and Head of Department, Agricultural Experiment Station, Uni- | 


versity of Puerto Rico, Rfo Piedras, P. R. 
3 Numbers in parentheses refer to Literature Cited, pp. 39-40. 
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without appreciably reducing the crowding of the aphids. When the flowers 
begin to open, however, lignification of their stems is so rapid that they 
quickly cease to remain attractive to the aphids, and all subsequent mass 
infestations are on watershoots. 

The large black ants, presumably the same Formica fusca var. subsericea 
Say (tentatively identified by M. R. Smith, Entomology Research Branch, 
ARS, USDA, assigned to the U. 8. National Museum) that are invariably 
to be found on peony buds, attracted by their dark, gummy exudations, 
may appear on bushes of bridalwreath as attendants on the aphids. Usually 
only a single ant will be noted on an infested watershoot, but rarely several 
may be present at one time on exceptionally large colonies. By the time 
of the first frosts of October, increasing lignification of the watershoots has 
largely dispersed such colonies into a few black-winged adults surrounded 
by six to nine bright-green nymphs on the underside of leaves. 

During the next few weeks, with ever lower autumnal temperatures, the 
increase in numbers of both adults and nymphs almost covers the under- 
side of such leaves, which are turning yellow, orange, or purple above, but 
from below appear bright green from the aphids resting and feeding on 
them. By the end of October many nymphs are moving downward onto 
the main branches, and shining oval green eggs, subsequently turning 
black, will be noted crowded into every crevice beneath loose bark or at 
the axils of the twigs. Despite this deflection, the colonies on the leaves 
appear to be as large as previously, but this is presumably due to an in- 
crease in size of the individual nymphs. Both adults and nymphs persist 
on the leaves, even after killing frost in early November, especially on the 
more hardy, cultivated species of Spiraea of which the leaves are still 
green. 

DISPERSION OF THE APHID 


The change in status from an obscure inhabitant of a wild host to a 
major insect pest of an economic crop is possibly best authenticated in the 
sase of the Colorado potato beetle as being due to the constantly expanding 
area over which potatoes were grown. For many other insect pests, the 
extension of their range and the intensity of their damage results from 
accidental introduction by man from areas in which they are but minor 
pests. But in all of these cases climatic conditions were similar, and the 
new economic hosts attacked, if not identical, were at least botanically 
closely related. By contrast, the spiraea aphid seems unique, for its disper- 
sion to the semitropics, and shortly thereafter to the Tropics, almost 
necessarily resulted in a complete change in hosts. To be sure, many of the 
hosts reported as attacked, possibly only experimentally so far as the 
aphids were concerned, belong to the Rosaceae, but the most important 
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are widely different botanically. One can but speculate as to what factor} 
caused such a broadening change in the aphid’s character without loss of | 
its ability to survive on the comparatively rare spiraea plants in the sub-| 
tropical regions to which it had spread. Such a loss in specificity, for which | 
there is no apparent reason, was indeed a necessity if it were to spread and 
survive outside of its limited original environment. 

Citrus growers in the southwestern part of the Orange Belt of Florida, 
in April 1924, noticed a very marked curling and rosetting of the new 
flushes of growth on their trees, and by June of the same year this same 
affliction had assumed the proportions of serious injury all over the State 
(11). No aphid other than A. spiraecola produces such very marked and 
very ubvious distortion of citrus leaves, and this in equally marked con- 
trast to the absence of such effect on its original host. 

Such conspicuous injury could not long escape observation by entomolo- 
gists wherever it might occur, and specimens were collected by H. K. 
Plank on citrus at Central Jaronu, Cuba, June 15, 1926, which were identi- 
fied by P. W. Mason as A. spiraecola. This record was sent to J. A. Hyslop, 
at that time in charge of the Insect Pest Survey of the Bureau of Ento- 
mology, USDA, by D. L. Van Dine, Director of the Cuba Sugar Club. 


OCCURRENCE IN PUERTO RICO 


Actually, this record is antedated by that given by S. C. Bruner (4) who! 
wrote: “Fué una sorpresa cuando, un poco mas tarde, (Julio 1, 1924) en-| 
contramos algunas ramas de naranjos atacadas por esta nueva plaga en 
Santiago de las Vegas.’’ Somewhat later he found it in the Provinces of 
Pinar del Rio, Habana, Santa Clara, and Camagiiey, which would make 
its appearance in Cuba almost coincident with that in Florida. Such a rec- 
ord is by no means surprising, for Cuba is not far from Florida. But on | 
October 23, 1926, 8. D. Whitlock “intercepted” this aphid on grapefruit | 
foliage at Mayagiiez, P. R. (12). This is really a noteworthy jump, for | 
Puerto Rico is far from any continental area, and indeed is little closer | 
to Florida than it is to New York. 

We do not know how A. spiraecola reached Cuba and Puerto Rico so | 
soon after it had become widespread and well established in Florida, for | 
its importation in nursery stock seems unlikely. J. R. Watson, Entomolo- 
gist of the Florida Agricultural Experiment Station, is emphatic in stating | 
that in Florida it is “spread by flight, not by autos, trains or nursery 
stock.”” The most recent hurricane that hit Puerto Rico, San Felipe, 
was in 1928, or 2 years after the aphid had been observed there. Thus | 
this particular hurricane can hardly be implicated. But hurricanes threaten- | 
ing Puerto Rico, often passing within a few miles of the Island, occur | 
practically every year during the hurricane season, their usual direction | 
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being north-northwest, northwest or west-northwest. Thus it is not the « 
disturbances themselves, but the backwash of hurricane winds, traveling 
in the opposite direction, that could possibly carry Continental insect 
pests such as winged aphids such a long distance. 

Judging by our observations in Puerto Rico, however, A. spiraecola does 
not confine its attack to imported nursery stock, if that is thought to be 
the original source of infestation. Old and well-established grapefruit 
groves rarely show signs of its presence. The conspicuous rosetted water- 
shoots most often occur on roadside volunteer seedlings of sweet or sour 
orange. In part, this may be because nobody in Puerto Rico for many 
years has been setting out commercial groves, but heavy infestations were 
noted in January 1952, in the one new experimental orange grove at the 
Lajas Substation. Indeed, as citrus-growing is no longer an important 
industry in Puerto Rico, the appearance of one more comparatively minor 
pest of citrus in 1926 was a matter of little importance, then or subse- 
quently, if this were the only host attacked in the Tropics. 

The ‘‘bunchy-top” disease of papaya, becoming increasingly abundant 
and serious in preventing the commercial expansion of papaya growing in 
Puerto Rico, was of especial interest to José Adsuar as he was beginning 
to specialize in virus diseases. After he, with the cooperation of Francisco 
Sein, Jr., in separating out only the males of Empoasca papayae Oman (10), 
had proved that these leafhoppers were the only vectors of this disease, he 
discovered a new disease of papaya on the South Coast of Puerto Rico at 
Ponce and Gudnica. This new mosaic was invariably associated with 
infestations of the spiraea aphid of which collections identified by P. W. 
Mason were made from seven different papaya groves in March 1945, 
and were repeatedly observed in subsequent years. 

This was not only a new disease but also a new host for A. spiraecola. 
Laboratory tests showed the spiraea aphid to be the vector (1) and in the 
field these aphids were found so omnipresent that prevention of infection 
in new papaya groves proved impossible. Personal inspection by Luis F. 
Martorell and José Adsuar (7) located both aphid and disease in Cuba and 
Florida in similar limited areas; the aphid only in Jamaica and St. Thomas; 
and neither aphid nor disease on papaya in Hispaniola. Eradication of all 
mosaic plants would appear to be the only practical method of preventing 
the further extension of this serious disease from the limited areas where it 
is now known to exist, and as this is nowhere being done, the future out- 
look for papaya production is not bright. 

The mosaic disease of papaya is not the only disease of which the spiraea 
aphid may be the vector. ‘‘A preliminary study of aphid vectors of the mild 
tristeza virus in Florida shows that two kinds of aphids may transmit the 
virus, Aphis spiraecola Patch and gossypit Glov. The low percentages of 
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successful experimental transmissions indicate that they are less efficient 
vectors than citricidus (Kirk.), the vector of the tristeza virus studied in! 


Brazil’ (8). 


In recent years the outbreaks of the green peach aphid, Myzus persicae 


Sulzer, on tobacco in the States, and subsequently in Cuba, the Dominican 
Republic (3), and Puerto Rico (14), seemed so inexplicable in the Tropics 
as to justify a search for alternate hosts during the summer period when 
tobacco is not being grown. So far as known no peach trees still exist in 
Puerto Rico, but the endemic Prunus occidentalis Sw. occurs in the moun- 
tainous heights of the western end of the Island. Locally called ‘almen- 


drén” (not to be confused with “almendro”’ or tropical almond, Terminalia | 


catappa L.), this tree is of more especial value because its wood has proved 
to be notably resistant to the attack of the West Indian dry-wood termite, 


Cryptotermes brevis Walker, (13) and its planting is being pushed by the | 


local Forest Service to a rather limited extent. 

If the implication of the name: “green peach aphid” meant anything 
for this new pest of tobacco, certainly trees of almendrén should be ex- 
amined for aphid infestation. In an abandoned nursery of these trees in 
the Dojia Juana Forest of the Toro Negro Unit, a few adults and numerous 
nymphs of Myzus persicae were repeatedly collected in the winter and 
spring of 1953, but Louise M. Russell noted that fully 85 percent of the 
specimens were of A. spiraecola. All the colonies were small, and the crump- 
ling and distortion of the leaves so characteristic of infestations on citrus 
were barely perceptible on the tender terminal leaves of P. occidentalis, 


and had been completely outgrown or had disappeared on the older leaves. | 
A. spiraecola, as identified by Russell, was found on the endemic tree 
locally called ‘corcho prieto”, Torrubia fragrans (Dunn-Cours) Standley, 


of the family Nictiginaceae, there being heavy infestations on the under- 
side of leaves of tender watershoots between Cayey and Aibonito in Janu- 
ary 1953. If this was a tentative infestation, one could hardly thus consider 
an enormous mass infestation of the tender leaves of “jobo” or hog plum, 
Spondias mombin L., of the family Anacardiaceae, brought from Vega 
Alta by A. F. Ross in March 1953 (fig. 1). Even more extensive was that 


on cultivated coriander, Coriandrum sativum L., of the family Amiaceae, | 


brought from the Isabela Seed Farm by Arturo Riollano. Julio Bird found 
a heavy infestation on salvia, Pluchea purpurascens (Sw.) DC, at Aibonito. 


In the greenhouse at Rio Piedras, José Adsuar found the pods, and to a} 


lesser extent the leaves, of an introduced ornamental, Calliandra inaequali- 
tera, heavily infested. Possibly these are only tentative and experimental 
infestations, comparable to those identified by P. W. Mason on the giant 
milkweed, Calotropis procera (Ait.) R. Br., and on cultivated carrot, Daucus 
carota L., collected in Cuba by Julién Acufia y Gale, as recorded by Bruner 
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\\ Ne 





Fic. 1.—Rosetting of terminal leaflets of “jobo”’, Spondias mombin 1, caused by 
Aphis spiraecola Pateh. (Original, photo by Roldan). 


Searamuzza and Otero (5), and the rather extensive list given by Watson 
for Florida, or the even longer list compiled by Kelvin Dorward, in charge 
of the Insect Detection and Reporting Section of the Plant Pest Control 
Branch, USDA. But they unquestionably indicate an aphid no longer 
confined to a single host. The spiraea aphid appears ready and able to try 
almost anything, with ominous possibilities of becoming an even more 
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serious pest of economic plants that happen to meet its increasingly elastic 
requirements. 
FURTHER DISPERSION 

The dispersion of A. spiraecola to the semitropics of Florida, and on to 
the Greater Antilles, was paralleled at a somewhat later date by occurrence 
on the Pacific Coast. E. O. Essig writes me that the first record is of collec- 
tion by himself on the University of California campus at Berkeley, August 
27, 1931, on Erica. A few days later P. S. Bartholomew found it on Co- 
toneaster at Stanford University, and in March of the following spring at 
the same locality on Spiraea. According to Essig, numerous collections on 
a variety of hosts have been made subsequently by various collectors in 
northern California, but dispersion northward has been slow, the first 
record for the State of Washington being on August 14, 1949, on Soruba 
at Seattle, and for Oregon: June 1, 1950, by L. G. Genther at Medford on 
Laurestinus. A. spiraecola was found by A. E. Michelbacher on loquat at 
Riverside, Calif., on April 8, 1936, and subsequently on orange at the same 
locality, but its abundance on citrus in California never assumed the 
epidemic proportions that it had in Florida. 

Dispersion to the continental Tropics from its original range was much 
more rapid than to the western United States. Specimens collected in 
Honduras (2) by R. L. Westmoreland on citrus and sent to M. M. Yothers,‘ 
and specifically identified in the U.S. National Museum, definitely fix the 
date for Central America as 1928. An old Florida citrus grower in Honduras 
claimed that the aphid had been there for at least 10 years, but lacking 
the evidence of actual specimens, one may doubt such early occurrence, 
for Toxoptera aurantii causes a similar but not such severe curling of the 
leaves, which in retrospect might be remembered as the tight rosetting 
resulting from infestation by A. spiraecola. In March 1933, G. H. Ballou 
submitted specimens to the U. 8. National Museum collected on citrus in 
Costa Rica, presumably indicating wide dispersion in Central America, 
but unrecorded elsewhere there, and possibly in northern South America 
also unrecorded because of lack of entomologists to make collections. 

To date, 1. spiraecola is not known to occur south of St. Thomas, U. 5. 
Virgin Islands, in the Lesser Antilles. In Barbados, Trinidad, and British 
Guiana, personal inspection by Luis F. Martorell of papayas, in the spring 
of 1953, failed to indicate the presence of the aphid there at that time. 
One can but speculate whether the impetus of dispersion has passed, and 
that the spiraea aphid will not invade South America. Possibly all the 

4 Now retired, but then in the Division of Fruit Insect Investigations, Bureau of 


Entomology and Plant Quarantine; now Section of Fruit Insect Investigations, 
Entomology Research Branch, ARS, USDA. 
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recent records of new host plants may be merely a temporary interest by 
plant pathologists and entomologists in Puerto Rico in making collections 
of aphids as possible vectors of plant diseases. But considering its past, 
one may rather expect a continuing extension of dispersion of A. spiraecola 
Patch over an increasingly large number of hosts plants in the Tropics. 


SUMMARY 


The spiraea aphid, Aphis spiraecola Patch, which previous to 1924 was 
known only on species of Spiraea in the northern United States, in that 
year appeared in mass infestations on citrus trees in Florida and Cuba, 
causing enormous damage by distorting and resetting the young growth. 
By 1926 it had spread to Puerto Rico, attacking not only various endemic 
trees and plants, but being implicated in the transmission of a new virus 
disease of papaya. By 1928, it was reported on citrus from Honduras in 
Central America, and it has since dispersed to Costa Rica, and on a great 
variety of hosts to California, Oregon, and Washington on the Pacific 
Coast. 


RESUMEN 


El Afido spirea, Aphis spiraecola Patch, el cual antes del 1924 sélo se 
conocia que atacaba especies de Spiraea en la parte norte de Estados 
Unidos, aparecié ese mismo afio en grandes infestaciones atacando y cau- 
sando enormes dajios a las citricas de Florida. El daio que ocasiona este 
insecto se circunscribe a torcer y dar forma de roseta a las hojas afectadas. 

En el afio 1926, este insecto se extendié hasta Cuba y Puerto Rico donde 
ha venido atacando no sélo varios de los arboles y plantas endémicas, si 
que también se le ha implicado en la trasmisién de una nueva enfermedad 
virosa de la papaya. 

En el 1928, se informé su presencia en las citricas de Honduras, América 
Central y desde entonces se ha extendido hasta Costa Rica, California, 
Oregon y Washington en la costa del Pacifico, donde ataca una gran 
variedad de arboles y plantas. 
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Refinement of a Quantitative Method for 
Determining the Lime Requirements 


of Soils 


Fernando Abrufia and José Vicente! 
INTRODUCTION 


Probably the most direct and accurate method of determining the lime 
requirement of soils is by direct titration using a calcium hydroxide solu- 
tion. The main disadvantage of this method is the long period of time 
required before equilibrium between the soil and the solution is attained. 
This paper reports the results of a study aimed at reducing the time re- 
quired for equilibrium with this method. 


MATERIALS AND METHODS 

Samples of four kaolinitic clay soils, Alonso, Catalina, Cialitos, and 
‘fo Piedras were used in this study. Roberts (2)? has described these soils 
in detail. The soil samples were air-dried and sieved, and their pH, organic- 
matter content, cation-exchange capacity, and exchangeable bases deter- 
mined by standard methods. The lime required to neutralize the soil was 
determined by titration with a calcium hydroxide solution following the 
method used by Dunn (1). 

The chemical data for the soils studied are summarized in table 1. All 
the soils were strongly acid and, with the exception of Cialitos I and II, 
were high in organic matter. This largely accounts for their high exchange 
capacities. With the exception of Alonso I, the soils were low in exchange- 
able bases as would be expected of these acid soils rich in kaolinitic clay 
minerals. 

Heating at three different temperatures for varying periods was tested 
as a means of reducing the time required for the attainment of equilibrium 
hetween the soils and the lime solution. In all tests the calcium hydroxide 
added to the soil was the quantity required to bring it to a pH of 7.0 as 
previously determined by the standard method. 


RESULTS AND DISCUSSION 


Over 100 hours (see table 2) were required to effect equilibrium with all 
four soils when the standard method was used. A preliminary study showed 


‘Soil Scientist and Project Supervisor, respectively, of a cooperative research 
Project between the A.R.S. of the U. S. Department of Agriculture and the Agricul- 
tural Experiment Station, University of Puerto Rico, Rfo Piedras, P. R. 

? Numbers in parentheses refer to Literature Cited, p. 45. 
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TaBLE 1.—Chemical data obtained on examination of the soils studied 


| | 
Soil pH | Organic matter 





Cation exchange | Exchangeable | Base to raisi 





capacity bases |pH of soil to 

Percent M.e./100 gm. | M.e./100 gm. M.e. . 
Alonso I 5.15 4.48 | 20.76 10.94 | 11.20 
Alonso II 4.45 6.27 22.18 3.04 | 20.40 
Catalina 4.20 9.73 31.47 2.75 | 30.60 
Cialitos I 5.10 2.62 14.89 3.74 | 10.50 
Cialitos II 4.50 2.24 14.45 1.90 | 13.40 
Rio Piedras 4.90 3.90 16.96 3.81 12.58 


TABLE 2.—The effect of stirring and heating at 85° C., as compared with boiling, on| 


time required to effect equilibrium between samples of 4 soils and a calcium 
; hydroxide solution 





















































! 
values at various intervals rained at craven dabecucia Results by 
ne values a sega nteryals | DH wala af vation intervals | standard method: 
heating to 85° C. for 15 minutes 5 minutes heating or stirring 
Soil —e —e_=" ey | eee a 
Hours 
1 | 16 | 24 | 48 | 72 | 96 |108] 1 | 16 | 24 | 48 | 72 | 96 | 108 ona pea ' 
librium equilibrium 
Cialitos I 6. 90/6. 85/6. 80/6. 80/6. 80/6. 80/6. 82/6. 90/6. 83/6. 80/6. 80/6. 80/6. 85/6. 85 6.90 132 
Cialitos II 7.30|7.20]7. 10|7.00}7.00/7.00/7.10/7.00|7.00)6.92/6.90)7.07|7.10/7.10 7.10 108 
Rio Piedras 6. 95/6. 80/6. 80/6. 80/6. 80/6. 80/6. 85/6. 85|6. 85/6. 80/6. 80/6. 80/6.88/6.90) 6.95 108 
Catalina 7.00/6.92/6. 92/6. 90/6. 88/6.90)7. 00/7. 00/6. 90/6. 90/6. 90/6. 90/7.00|7.02 7.00 108 
Alonso I 7.40|7.20/7.10|7.05|7. 10/7. 10)7.05)7.10|7.00|7.00|7.00)7.00/7.05|/7.05) 7.10 132 





that this period could be reduced to about 50 hours by prolonged stirring 
or by running the samples in a Waring blendor for 30 minutes. 

The results of a study carried out to determine the effect of temperature, 
and period of heating on the time required to effect equilibrium with) 
samples of two typical soils are shown in table 3. Equilibrium was attaine(! 
within 2 hours with the Alonso soil heated at 85° C. for 5 minutes. Tul 
attain equilibrium within the same period Catalina soil had to be heated) 
to 85° C. for 30 minutes. Both soils attained equilibrium within 2 hour! 
when boiled for 5 minutes. 

In view of the above results a study was carried out to compare heating) 
at 85° C. for 15 minutes, accompanied by stirring, with boiling for 5 min 
utes, using samples of all four soils. The results of this study are sum/ 
marized in table 2. The samples merely allowed to stand in contact with 
the solution following the standard procedure required more than Ii) 
hours to attain equilibrium. With the exception of Alonso I and Cialitos 
II, which required 24 hours, the soils reached equilibrium within 1 hou? 
with the 85° C. treatment. Boiling gave the best results since all soil} 
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METHOD FOR DETERMINING LIME REQUIREMENT OF SOILS 


TaBLE 3.—T he effect of 3 different temperature levels and 8 different periods 
of heating on time required to effect equilibrium between samples 
of 2 typical soils and a caleium hydroxide solution 


pH values after number of hours indicated 


Soil and process used iat 


2 ! 6 8 16 24 48 72 96 
Alonso clay II:! 
Heated at 50° C. for 
time indicated 
(minutes)— 
5 8.08 | 8.00 | 7.70 7.05 6.80 6.80 
15 8.38 | 7.90 | 7.60 7.05 | 6.87 | 6.90 
30 8.00 | 7.80 | 7.50 — — 7.05 | 6.80 | 6.80 
Heated to 85° C. for 
time indicated— 
a 7.00 7.00 7.00 7.00 | 6.95 | 6.85 | 6.85 | 6.80 _ 6.80 
15 7.00 | 6.95 | 6.95 | 6.95 | 6.95 | 6.85 | 6.85 | 6.80 | 6.82 
30 6.98 | 6.95 | 6.95 | 6.90 | 6.85 | 6.85 | 6.80 | 6.80 6.80 
Boiled for time 
indicated— 
5 6.95 6.95 6.95 6.90 | 6.80 | 6.80 | 6.80 | 6.80 6.80 
15 6.98 6.95 6.95 6.90 6.80 | 6.80 | 6.80 | 6.80 6.85 
30 7.00 7.00 | 6.98 | 6.98 | 6.90 | 6.90 | 6.80 | 6.80 | 6.85 


Catalina clay :? 
Heated to 50° C. for 


time indicated 
(minutes)— 
5 9.40 8.90 8.40 — — _— 7.40 | 7.15 | 7.10 
15 8.95 | 8.50 | 8.20 — _— 7.30 | 7.15 | 7.10 
30 8.80 | 8.30 | 8.10 — — — 4.00 | 7.3% |. 7.10 
Heated to 85° C. for 
time indicated— 
5 8.30 | 7.90 | 7.75 | 7.60 | 7.20 | 7.10 | 7.05 | 7.00 | 7.00 
15 7.65 | 7.45 | 7.30 | 7.15 | 7.00 | 7.00 | 7.00 | 7.00 | 7.00 
30 7.20 | 7.15 | 7.15 | 7.15 | 7.00 | 6.90 | 6.90 | 6.90 | 6.90 
Boiled for time 
indicated— 
5 7.20 | 7.20 | 7.15 | 7.10 | 7.05 | 7.00 | 7.00 | 7.00 | 7.00 
15 7.20 | 7.20 | 7.15 | 7.10 | 7.05 | 7.00 | 7.00 | 7.00 | 7.00 
30 7.15 | 7.15 | 7.15 | 7.10 | 7.00 | 6.95 | 6.90 | 6.90 | 6.90 





1M.e. of base added, 20.4; time required to effect equilibrium using standard 
method, 108 hours; final pH by standard method, 7. 

*M.e. of base added, 30.6; time required to effect equilibrium using standard 
method, 132 hours; final pH by standard method, 7.1. 
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attained equilibrium with the calcium hydroxide solution within 1 hour. 
Final pH values were essentially the same with all treatments. 

The data in tables 2 and 3 indicate that, with heating, final pH values 
are sometimes about 0.10 unit lower than those obtained by the standard 
method. This may indicate that equilibrium had not been attained by the 
standard method even after several days time. It is also possible that 
heating may have increased the exchange capacity of the soil slightly 
(possibly through increased hydrolysis of the organic matter), thus result- 
ing in slightly lower pH values. Heat apparently accelerates neutralization 
by speeding up the chemical reaction and by completely dispersing the 
soil particles. 


RECOMMENDED METHOD 


On the basis of the above results the following method is suggested for 
the rapid, quantitative determination of the lime requirement. of soils: 
Place 10-gm. samples of sieved (mesh 10) air-dry soil in beakers. Dilute 
with 100 ce. of distilled water and add varying increments of 0.03 N 
Ca(OH)» solution, depending on the expected exchange capacity and base 
saturation of the soil. Boil on a hot plate for 5 minutes (intermittent stir- 
ring of the samples may be necessary to avoid excessive foaming). Cool in 
a water tray to 25°C. and determine the pH of the suspension using a 
glass electrode. Buffer curves relating pH values to quantity of lime are 
then prepared from these data and used to determine the lime required to 
raise the soil pH to any desired level. 

Good results have been obtained with this method in fieldwork. This 
method was used in conjunction with a field experiment to determine the 
lime required to bring a Catalina clay soil to a pH of 6.5. The pH values 
of paired plots with and without lime 1 year after treatment are given 
below, the values shown being averages of four samples: 


Limed Unlimed 
6.60 5.00 
6.58 5.00 
6.45 4.80 
6.30 4.95 
a 6.48 4.94 
SUMMARY 


In determining the lime requirement of kaolinitic soils by direct. titra- 
tion with a calcium hydroxide solution it was found that boiling for 5 
minutes reduced the time required for the attainment of equilibrium 
between the soil and the solution from over 100 hours to 1 hour. The varia- 
tion in the pH values of the soils at equilibrium with the two methods 
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were in all cases less than 0.1 unit. A precise, rapid laboratory method 
based on 5-minute boiling is described for determining the lime require- 
ment of these soils. Results of a field experiment are shown to demonstrate 
the accuracy of the method. 


RESUMEN 


Se us6é el método de titulacién directa con una solucién de cal hidratada 
para determinar el requisito calizo de varios suelos kaoliniticos. Se encontré 
que el tiempo requerido para que el suelo y la solucién Ilegaran a un equi- 
librio, usando el método corriente, era de mas de 100 horas. Este tiempo se 
redujo a 1 hora haciendo hervir la suspensién por 5 minutos. La variacién 
en los valores de pH obtenidos por ambos métodos en todos los casos fué de 
menos de 0.1 unidad. Se describe un método rapido y preciso para deter- 
minar el requisito calizo de los suelos kaolin{ticos y se presentan datos de un 
experimento de campo que comprueban la exactitud del método. 


LITERATURE CITED 


1. Dunn, L. E., Lime requirement determination of soils by means of titration curves, 
Soil Sci. 56 341-51, 1943. 

2. Roberts, R. C., Soil Survey of Puerto Rico, U.S.D.A. Series, 19386, No. 8, January 
1942, 














RESEARCH NOTES 


ADDENDUM TO: ‘*THE INSECTS OF PUERTO RICO”’ 


Pyrorhynchops errans Curran is the determination by Curtis W. Sa- 
brosky, of the U. 8. National Museum, of the Larvaevorid fly listed in 
The Insects of Puerto Rico on p. 483 as Dinera sp. nov. intercepted in 
orange grove at Mayagiiez and at Maricao by A. G. Harley. 

George N. Wolcott 
Department of Entomology 
A NEW FUNGUS FOR PUERTO RICO 

Rhytisma leptospilum Berk. & Curt. is the tentative determination by 
Dr. W. W. Diehl of the immature stage of a fungus found on the tender 
leaf of “almendrén”’, Prunus occidentalis, at Villalba on August 2, 1954, 
as reported by John A. Stevenson, in charge, Section of Plant Disease 
Epidemics and Identification Section, Horticultural Crops Research 
Branch, ARS, USDA, Beltsville, Md. He writes that ‘‘the specimen is 
very interesting, but unfortunately is immature.” 

George N. Wolcott 
Department of Entomology 


A NOVEL MEDIUM FOR MOUNTING NEMATODES 

The writer has found that Hoyer’s modification of the Berlese solution’ 
makes an excellent mounting medium for nematodes. The formula of this 
medium is as follows: 

50 gm. distilled water 

30 gm. gum arabic (clear crystals) 
200 gm. chloral hydrate 

20 gm. glycerin 

The ingredients are mixed in the above order at room temperature. It 
should be noted that the gum arabic used is pure clear crystal which will 
go rapidly into solution; if the powdered gum arabic is used, great difficulty 
is generally encountered in dissolving it. After the slides are ready they 
should be heated in an oven at 40°C., in order to set them. In humid areas 
it is best to ring cover glasses to prevent absorption of moisture. 

This technique of mounting has been used with animal and plant nema- 
todes. Animal nematodes were collected from dead rabbits preserved in 
formalin as well as from living animals, and placed directly into the mount- 
ing medium. The same procedure was used with plant material which also 
had been preserved in formalin. 


1 Baker, E. W. and Wharton, G. W., An Introduction to Acarology MacMillan Co. 
New York, N. Y., p. 10. 
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The advantages of this medium are: (1) The direct mounting of living or 
dead material from an aqueous solution. (2) The possibility of remounting 
easily if the medium fails to bring out certain morphological characters. 
This should be done by placing the slide in hot water which would aid in 
slipping off the cover slip. On occasion, I have found out that the pharyn- 
geal characters will sometimes be obscure in this medium. In this case 
iodine crystals added to the medium will be of great help. (3) The slides 
mounted in this medium can be examined almost immediately. (4) The 
cuticular structures of nematodes are very distinct when this medium is 
used. 

Harvey L. Goldstein 
Visiting Scientist 


ACANTHOCHILA SPINACOSTA VAN DUZEE, A NEW TINGITID FOR 

PUERTO RICO 

Nine species of lacewing bugs or tingitids have been reported from 
Puerto Rico by Wolcott.! The writer had the opportunity of finding a new 
tingitid for the Island while making a survey for leafhoppers and fulgorids.? 

During the month of November 1947, and while collecting leafhoppers 
at the Aguirre Central Gulf Club, a peculiar yellowing on the foliage of a 
“corcho prieto” tree, Torrubia fragans (Dum.-Cours) Standley was ob- 
served. Upon close examination a mass infestation of lacewing bugs was 
noticed. Millions of adults and nymphal stages of all sizes and ages were 
feeding on the undersides of the leaves. Insect material was collected at 
that time. On March 26, 1952, at the Polytechnic Institute at San German, 
while collecting white-flies and accompanied by Louise Russell, another 
tree of this same species was found similarly infested by these tingitids. The 
last infestation of these insects was observed on a large “corcho prieto” 
tree at Barrio Calero of Aguadilla, on May 13, 1954. The specimens were 
sent to the U. S. National Museum for identification. R. I. Salier deter- 
mined them as: Acanthochila spinacosta Van Duzee. 

A. spinacosta was described by Van Duzee* in 1907, from a specimen 
collected at Mandeville, Jamaica, on April 3, 1906, without record of host 
plant. Drake and Bruner‘ listed this species from San Pedro de Macoris 
Dominican Republic. Another related species, Acanthochila sigillata Drake 
and Bruner, is recorded‘ from Cuba on Pisonia aculeata. To date the writer 


1 Wolcott, G. N., The insects of Puerto Rico, J. Agr. Univ. P. R. 32 1-4 & 206-9, 
1948, 

* Caldwell, John S., & Martorell, L. F., Review of the Auchenorynchous homop- 
tera of Puerto Rico, J. Agr. Univ. P. R. 34 1-2 & 1-269, 1950. 

®Van Duzee, E. P., Bul. Buffalo Soc. Nat. Sci. 8 (8) 20, 1907. 

* Drake, Carl J., & Bruner, Stephen C., Concerning some tingitidae occurring in 
the West Indies (Hemip.) Memorias de la Sociedad Cubana de Historia Natural ‘Felipe 
Poey”’, 6 (3-4) 144-54, 1923-24, Habana, Cuba. 
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Fig. 1.—The adult lacewing bug, Acanthochila spinacosta Van Duzee (after Drake 
and Bruner). 


has not observed any species of tingitids on this tree in Puerto Rico, al: 
though it occurs quite abundantly at lower elevations on the Island. 
Torrubia fragans (Dum.-Cours) Standley, the host tree of Acanthochila 


spinacosta Van Duzee, commonly known as ‘“‘corcho prieto’’, “corcho”) 


“ an 99 66 . 99 6 . 9 66 ” 
majagua,” Mmajagua quemona’”’, majagua quemadora”’, “palo de corcho, 
and ‘black mampoo,”’ is found in forests, thickets, and hillsides at lower 


” 


and middle elevations in Puerto Rico. The tree is also recorded from Icacos,. 
Culebras, St. Thomas, St. Croix, Virgen Gorda, Cuba, Hispaniola, Jamaica, 
Central and South America. 7. fragans was formerly known as Pisoni 


fragans Dum.-Cours., P. obtusata Sw., and P. inermis Griseb. 
. : ) 
Luis F. Martorell 


Department of Entomology 
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A MOSAIC DISEASE OF SWEETPOTATO, IPOMOEA BATATA, IN PUERTO 

RICO 

A virus causing a mosaic disease of sweetpotato has recently been found 
in Puerto Rico. The disease is known to occur in different places throughout 
the Island where sweetpotatoes are grown and is capable of affecting our 
best commercial varieties. In the field it appears as a distinct mosaic 
mottling on younger leaves (fig. 1). As the infected plant grows, the leaves 
become chlorotic and wrinkled. Sometimes these develop puckering in the 
form of raised green areas alternating with light-green areas. Affected plants 
are usually stunted. Frequently, however, the above-mentioned symptoms 
assume a milder manifestation and close scrutiny is necessary to detect 
infected plants in the field. Laboratory transmission by tuber or cleft 
grafting usually produces very severe symptoms in susceptible varieties in 
from 3 weeks to | month, consisting of pronounced vein-clearing, chlorosis, 
wrinkling of leaves, and stunting, followed in many cases by death of the 
plant. 

The virus causing this sweetpotato mosaic is not transmissible by inocu- 
lating the juice from infected plants with or without the aid of carborun- 
dum, nor by diluting the inoculum with water or a buffer solution. Use of a 
contaminated knife does not transmit the virus to healthy sweetpotatoes. 
The only means of transmission so far known is by grafting. Root-grafting of 
healthy sweetpotato with plugs taken from the root of a diseased plant is 
the most reliable and rapid method of transmission. Transmission has also 
been successfully accomplished by cleft-grafting diseased to healthy plants. 
The plants used in the transmission studies were obtained by cutting single 
roots of healthy plants and keeping one of the two plants that develop 
from the pieces as check. So far no insect vector of the virus has been found. 

The following sweetpotato varieties were found susceptible when inocu- 





Fic. 1.—Leaves of sweetpotato variety V-10-10 showing symptoms of mosaic; 
healthy leaf to the right. 





50 JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO 


lated by root grafting in the laboratory: U.P.R. 3, U.P.R. 4, L. 240-7, 
M.M. 7, V. 10-10, L. 224, L. 138, L. 225, and L. 241. In addition to sweet- 
potato, (Ipomoea batata), the virus has been transmitted by grafting 
to 1. rubra, a common weed known locally as ‘‘bejuco de puerco”’. The 
following plants did not show symptoms when inoculated with juice ex- 
tracted from mosaiced sweetpotatoes: Datura metel, Lycopersicum esculen- 
tum, Nicotiana glutinosa, N. tabacum, Capsicum frutescens, Phaseolus vul- 
garis, Stizolobhium deeringianum, P. lunatus, Vigna unguiculata, Cajan 
cajan, Ipomoea quinquefolia, I. rubra, and I. purpurea. 

Although a mosaic of sweetpotato has been known to be present in 
Puerto Rico for a number of years, it has not constituted a problem of 
study until recently. Virus or viruslike diseases of the sweetpotato have 
been reported in the United States and Africa. These have been reviewed 
by Doolittle and Harter! and more recently by Webb.2 The mosaic dealt 
with in this note resembles the feathery mottle virus described by Doolittle 
and Harter. Webb has also been able to transmit mechanically a virus 
which is similar to, if not identical with the feathery mottle of Doolittle 
and Harter. If this is the case, then our virus differs from feathery mottle 
in not being transmissible by rubbing, either to sweetpotate nor to J. 
purpurea, which Webb considers to be a good indicator plant for the 
feathery mottle virus. The only remaining virus which resembles the one 
under study is that reported by Sheffield® from Africa. 

J. Adsuar 
Department of Plant Pathology 


1 Doolittle, S. P., and Harter, L. L., A graft-transmissible virus of sweetpotato 


Phytopath. 35 695-704, 1945. 

2 Webb, R. E., Some hosts of feathery mottle virus of sweetpotato, Plant Dis | 
Rptr. 38 448-52, 1954. 

3 Sheffield, F. M. L., Virus diseases of sweetpotato in parts of Africa, Empire 
Expt. Abr. 21 184-90, 1953. 








